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[57] ABSTRACT

A process for the preparation of a styryl-cyclopropane-
carboxylic acid ester of the formula

Rl H3C CHj
C=CHLC02R
R2 1'13
in which
R 1s Cj.4-alkyl or an alcohol radical customary in
pyrethroids,

R1 is alkoxy or alkylthio, either of which may be
optionally substituted by halogen,

R2 is hydrogen or alkoxy, or

R!and R2together are optionally halogen-substituted
alkylenedioxy, and

R3 is hydrogen or chlorine, comprising reacting a
compound of the formula |

R! . H3;C CH3
N\ /
— C=CH-CHCl—C—CH,;CO;R
R? 1'13
RI_. - ~ HsC CHj;
N/
. CCly,—CHy—CHCl—C~~CH;=~CO3R
RZ
or
R! H3C CH3
N\ /
CCly—CH,—CHCl—C=—CH3;—CO—Cl
2

with, respectively, one, two or three equivalents of a
base at a temperature below 60° C. The products are
insecticidally active when R is the residue of a pyre-

throid-type alcohol. Various syntheses are given for the
starting materials which are new.

4 Claims, No Drawings
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PROCESS FOR THE PREPARATION OF
STYRYL-CYCLOPROPANECARBOXYLIC ACID
ESTERS AND INTERMEDIATE PRODUCTS FOR
THIS PROCESS

The present invention relates to an unobvious process
for the preparation of certain styryl-cyclopropane-car-
boxylic acid esters, and to new intermediate products
for carrying out this process and their preparation.

It has already been disclosed that certain esters of
3-styryl-2,2-dimethylcyclopropanecarboxylic acids
have insecticidal properties (German Offenlegungss-
chrift (German Published Specification) 2,738,150).

10

They are prepared by linking the C-C double bond of 15

the styryl group by a Wittig reaction, in which butyl-
lithium 1s used as the base and which must be carried out
at — 78" C. under an inert gas. This synthesis route is not
practical for an industrial preparation.

Furthermore, the 2,2-dimethyl-3-formyl-1-carboxylic
acid ester used as the starting material for this reaction
1s available industrially only with difficulty.

1. The present invention now provides a process for
the preparation of a styryl-cyclopropane-carboxylic

acid ester of the general formula
Rl (D
H;C CH3
R2 (:===(3PI--::ETE;i-'(:()zfl
|
R3
in which

R represents C1-4-alkyl or an alcohol radical custom-
ary in pyrethroids,

R! represents alkoxy or alkylthlo elther of which
may be optionally substituted by halogen,

R? represents hydrogen or alkoxy, or

R1and R? together represent optionally halogen—sub-
stituted alkylenedioxy and

R represents hydrogen or chlorine, in which (a) a
compound of the general formula

Ill (II)
H3C CH;
| N\ /
C=CH=-CHCl—C—CH;CO:R
13

- R?

or (b) a compdund of the general fd;'mula

R Hyc i

CHj
, N/
CCl;3~~CHy— CHC]*C*CHngOzR

R2Z
or (¢) a compound of the general formula

R! HC_  CH; - Iv)

N\ /
CCl;—CHy—CHCl—C=—CH;~—CO~C],

}{2

in which formulae

R1, RZ, R3and R have the meanings indicated above,
1s reacted with, respectively, one, two or three
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2
‘equivalents of a base, if appropriate in the presence
of a diluent, between —20° C. and +60° C.

2. It has furthermore been found that the compounds
of the formula (I) are preferably obtained when the
reaction is carried out below 50° C.

3. The compounds of the general formula (II) in
which

R, R1, R2 and R3 have the meanings indicated above,

are new.

4, The compounds of the general formula (III) in
which |

R!, R2 and R have the meanings indicated under 1.

(above), are new.

5. The compounds of the general formula (IV) in
which, .

R! and R2 have the meanings indicated above, are

new.

6. A process has also been found for the preparation
of a compound of the general formula (II), which is
characterised in that (a) hydrogen chloride. is split off
from a compound of the formula (III) by the action of
heat, or (b) a compound of the formula (IV) is reacted
with an alcohol of the general formula

R—OH (XD,
in which

R has the meaning indicated under 1, or (c) a com-
pound of the general formula

Rl (V1)

R2

in which o |
R1and R? have the meanings indicated above, is re-
acted with at least two equivalents of phosphorus

pentachloride, and the resulting reaction solution is
then reacted w:th an alcohol of the general formula

R—OH (XIII),
in which
R has the meaning indicated under 1, or (d) a com-
pound of the general formula

Rl (VD)

I{Z

in which
Rl and R2 have the meanings indicated above, is re-
duced, water is split off from the compound ob-
tained and the product is reacted with a chlorinat-
ing agent in the presence of an alcohol of the for-
mula (XIII), R therein having the meaning indi-
cated above, or, successively, the lactone ring is
first opened with a chlorinating agent and the prod-
uct 1s then reacted with the alcohol.
‘1. A process has also been found for the preparation
of a compound of the general formula (IIY), which is
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characterized 1n that a compound of the geneml for-
mula | |

(V)

R! O HyC . CH3
i N/
C—CH,—CHCl—C=-CH,CO3R,
RZ
in which

R! R2and R have the meanings indicated undcr 1.
(above), is reacted with phosphorus pentachloride

in a diluent below 30° C.
8. A process has also been found for the prcparatlon

of a compound of the general formula (IV), character-
ized in that a compound of the general formula

SR (VD)

in which
R! and R2 have the meanings indicated above, 1s re-

acted with at least two equivalents of phosphorus
pentachloride in a diluent below 30" C. .

9. The compounds of the formula (V) in whlch

- RI, R? and R have the meanings indicated under 1.
(above), are new.

10. A process has also been found for the preparation
of a compound of the general formula (V), character-
ized in that a compound of the formula (VI) is reacted
with a chlorinating agent in the presence of an alcohol
of the formula (XIII), R therein having the meaning
indicated under 1, or, successively, the lactone ring is
first opened with a chlorinating agent and the product is
then reacted with the alcohol.

11. The new compounds of the general formula (VI)
in which |

R! and R2 have the meanings indicated above, have

also been found.

12. A process has also been found for the preparation
of a compound of the general formula (VI), character-
ized in that a compound of the general formula

H3C CH3

N/
CH,==CH—C—CH,CO3R,

(VID)

in which |
R denotes C1-Cy-alkyl, is reacted with a compound
of the general formula

R! (V1)

CO—Hal,
I{Z

in which
" R!and R? have the meanings indicated under ' and

Hal denotes halogen, preferably chlorine, in the pres-
ence of a Friedel-Crafts catalyst. *

13. It has also been found that a compound of thc

general formula B o
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in Wthh
R rcprcscnts alkoxy or alky]thlo and |
R2 represents hydrogen or alkoxy or, together with
R1, ‘alkylenedioxy, is obtained by a process in
 which 4 compound of the general formula

(X)
in which
R! and R2 have the rncamngs indicated above, is re-
acted with the acid chloride of the formula
CHj (XI)
Cl—CO-—CH> CH;,

|
O

in the presence of a Friedel- Crafts catalyst and, if appro-
prlatc, in the presence of a diluent. |

14. The compound of the formula (XI) i is prepared by
a process in which the compound of the formula

- CHjy . (XII)

CHj '.

is reacted with a chlorinating agent.

The styrylcyclopropanecarboxylic acid esters of the
formula (I), which contain a radical of an alcohol cus-
tomary in pyrethroids and which can be prepared by
process 1 according to the invention, have an ar-

- thropodicidal, especially an insecticidal and acaricidal,
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action. Preferably, process 1 is employed for the prepa-
ration of styryl-cyclopropanecarboxylic acid deriva-
tives of the formula (I)

in which

R ! represents C1-Cy-alkoxy, C1-Cs-alkylthio, C1-Ca-
fluoroalkoxy, C-Ca-chlorofluoroalkoxy or C1-Ca-

~ fluoroalkylthio,

R2 represents hydrogen or methoxy or, together with
R1,'Cj-Cs-alkylenedioxy or C1-Cy-fluoroalkylene-
dioxy,

R3 represents chlorine and

R represents C1-Cy-alkyl or the radical of an option-
- ally substituted phcnoxybcnzyl alcohol of the gen-
eral formula~



(XHTI)

H3CO—

Re .

wherein g ~
R# represents hydrogen cyano or ethynyl and |
R5 and RS represent hydrogen or fluorine. If 6-(4'-
methoxy-phenyl)-4,6-dichloro-3,3-dimethylhex-5-
enoic acid ethyl ester 1s used as the starting material
in process variant 1(a), the course of the reaction ,.
can be illustrated by the ifollowing equation.

H;C CH;3

4,325,873
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rial in process 1(c), the course of the reaction can be
illustrated by the following equation:

| \ / 4 3C;HsONa _
CCIZCHQCHCI—C—-CHZ—-CO-—CI —_— >
— 2'HCI
— Na(l

H3C - CHj3

CC1=CH—A— CO»C>H5s

Tﬁe' ge'r_ieral'-for'ﬁlula (IV) provides a definition of the

15 starting materials which can be used in process variant

1(c). The preferred substituents R! and R2 are the same
as those indicated above. The compounds of the for-
mula (IV) have not hitherto been disclosed in the litera-
ture; their preparation is described below.
Process-variants 1(a), (b) and (c¢) are carried out by
reactmg the startmg substances (II), (III) and (IV) with,
lespeetlvely, 1,20r3 equwalents of a base, if appropn--
ate in the presence of a diluent.

~ An alcoholate, such as ‘sodium methylate, potassium
ethylate sodium ethylate, sodium 130propylate, sodium

| tert -butyrate or potassmm tert.-butyrate is preferably

AN / 4+ CyHsONa
CH3—O CC]—-—CH-*CHCI--C-—CH;:,CO-wCZ}{s —W
H1C CH;
C0O,CoHs5
CH3—O CCl
H

The general formula (IT) provides a definition of the
starting materials which can be used in process variant
1(a). In this formula, R, R! and R2 preferably represent 40
the radicals indicated above as preferred and R3 repre-
sents chlorine.

The compounds of the formula (II). have not hitherto
been disclosed in the literature; their preparation is
described below.

If  6-(4-methoxy-phenyl)-4,6,6-trichloro-3,3-dime-
thylhexanoic acid methyl ester is used as the starting
material in process variant 1(b), the course of the reac-
tion can be illustrated by the following equation: .

45

HiC  CHj3

used as the base.

The alcohol corresponding to the base is preferably
employed as the diluent, but other inert diluents, for
examplE hydrocarbons, such as toluene, xylene or cy-
clohexane, or chlorinated hydrocarbons, such as chlo-
robenzene, or ethers, such as diisopropyl ether, tetrahy-
drofuran or dioxane, can also be used, additionally or
exclusively.

~The process 1s carried out at a temperature between
—20° C. and —[—60 C., preferably between 20° C. end
50° C.

A SImllar reactlon 1S deserlbed mn DE—OS (German

—"“W C

N /7 | + 2 CH4ONa
CH3—O CClhCHy™ CHCI—C—CH»CO,CH;j3.
~ H3C_ CH; -
CH3—O CC1=CH—KCOECH3

The general formula (IIT) provides a definition of the
starting materials which can be used in process variant
1(b). The preferred substituents R}, Rz and R are the
same as those indicated above. The compeunds of the
formula (III) have not hitherto been disclosed in the
literature; their preparation is described below.

If  6- (4'-methoxy-phenyl) 4,6,6-trichloro-3, 3- drrne-
thylhexanoic acid chlerlde 18 used as the startlng mate~_

65

Published Specification) 2,539,896. However, while the
temperature range preferred in this publication is be-
tween 60° and 100° C. (page 31) when sodium methylate
or sodium ethylate is used, on‘y very littie product of
the formula (I) 1s obtained under these conditions, but a
further mel of hydrogen halide is predominantly Sp]lt
off, a triple bend being formed.
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Surprisingly, it has been found that this can be
avoided if the reaction is carried out below 60° C.
Another advantage of the process according to the
invention is that only one of the 4 possible sterecisomers
is very preferentially formed. It has the trans-configura- S5

tion, relative to the cyclopropane ring.
The insecticidal and acaricidal esters of this i1someric

configuration display a particularly good activity.

The following cyclopropanecarboxylic acid esters of
the formula (I) are preferably prepared by process 1: 10
2,2-dimethyl-3-[2'-chloro-2'-(4"-trifluoromethylmer-
captophenyl)-vinyl]-cyclopropane-1-carboxylic  acid
methyl ester and ethyl ester, 2,2-dimethyl-3-[2'-chloro-
2'-(3",4"-dimethoxy-phenyl)-vinyl]-cyclopropane-1-
carboxylic acid methyl ester and ethyl ester, 2,2-dimeth-
yl-3-[2'-chloro-2'-(4"-bromo-phenyl)-vinyl]-cyclopro-
pane-1-carboxylic acid methyl ester and ethyl ester,
2,2-dimethyl-3-[2'chloro-2'-(3",4" -trifluoroethylene-
dioxy-phenyl)-vinyl]-cyclopropane-1-carboxylic  acid
methyl ester and ethyl ester, 2,2-dimethyl-3-[2'-chloro- 20
2'-(3"-trifluoromethylmercapto-phenyl)-vinyl]-cyclo-
propane-1-carboxylic acid methyl ester and ethyl ester,
2,2-dimethyl-3-[2'-chloro-2’'-(4"’-methylmercapto-
phenyl)-vinyl]-cyclopropane-1-carboxylic acid methyl
ester and ethyl ester, 2,2-dimethyl-3-[2'-chloro-2'-(4"- 25
ethoxy-phenyl)-vinyl]-cyclopropane-1-carboxylic acid
methyl ester and ethyl ester, 2,2-dimethyl-3-[2’-chloro-
2'-(4" -methoxy-phenyl)-vinyl}-cyclopropane-1-car-
boxylic acid methyl ester and ethyl ester, 2,2-dimethyl-
3-[2'-chloro-2'-(4'-trifluoromethoxyphenyl)-vinyl]-
cyclopropane-1-carboxylic acid methyl ester and ethyl

15

30

CH3—0O

CH;—O

45
ester, 2,2-dimethyl-3-[2'-chloro-2’-(3”-trifluorome-
thoxy-4"'-chloro-phenyl)-vinyl}-cyclopropane-1-car-
boxylic acid methyl ester and ethyl ester and 2,2-
dimethyl-3-(2'-chloro-2'-(3",4""-methylenedioxy-
phenyl)-vinyl]-cyclopropane-1-carboxylic acid methyl 50
ester and ethyl ester.

The compounds of the general formula (II) are new.
They are obtained by the process indicated under 6, by
(2) splitting off hydrogen chloride from compounds of
the general formula (III) by the action of heat or (b) 55
reacting compounds of the formula (IV) with alcohols,
or (c) reacting compounds of the formula (VI) with
phosphorus pentachloride and then reacting the prod-
uct with an alcohol, or (d) reducing compounds of the
formula (VI), splitting off water from the compounds
obtained and reacting the products with an chlorinating
agent In the presence of an alcohol, or, successively,
first opening the lactone ring with a chlorinating agent
and then reacting the product with an alcohol.

If 6-(4'-methoxy-phenyl)-4,6,6-trichloro-3,3-dime-
thylhexanoic acid ethyl ester is used as the starting
material in process 6(a), the course of the reaction can
be represented by the following equation:

60

65
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H H;

3C\ /C
CH 3—O—Q CChHCH>CHCl—C—CH>C0O32CoH5 %

| H3C CH;
N\ /
CH3;—O CCl=CH—CH(ClI—(C~—CH>C0O>C>Hj5

The general formula (III) provides a definition of the
starting substances which can be used in process 6(a).
The preferred substituents R1, R?2and R are the same as
those for process variant 1(a).

The compounds of the formula (IIT) are new; their
preparation 1s described below.

Process 6(a) is carried out by warming the starting
substances of the formula (1IIl), if appropriate in a dilu-
ent, to a temperature between 25° and 80° C., preferably
to a temperature between 30° and 50° C. During this
procedure, hydrogen chloride i1s split off. Preferred
diluents are hydrocarbons, such as benzene, toluene,
xylene, benzine, cyclohexane or petroleum ether; chlo-
rinated hydrocarbons, such as methylene chloride,
chloroform, carbon tetrachloride, dichloroethane or
chlorobenzene; and nitriles, such as acetonitrile..

If appropriate, isolation of the compounds of the
general formula (III) can be dispensed with, so that
process 6(a) immediately follows process 7 (see below).

If 6-(4-methoxy-phenyl)-4,6,6-trichloro-3,3-dime-
thylhexanoic acid chloride is used as the starting sub-
stance in process 6(b), the course of the reaction can be
represented by the following equation:

H;C CHj3
N/ + C;HsOH
CCl;—CH;—CICH—C—CH,;CO—CI _%__ > HCl
H3C CH3
A4

CCl=CH—CH(C|—C—CH—C0O,CoHj5

The general formula (IV) provides a definition of the
starting substances which ¢an be used in process 6(b).
The preferred substituents R! and R? are the same as

those in the case of process variant 1(a).
The compounds of the formula (IV) are new; their

- preparation is described below.

Process 6(b) 1s carried out by adding an alcohol of the
general formula R—OH, the preferred meaning of R
being the same as that in the case of process variant 1(a),
to the starting substance of the formula (IV), if appro-
priate in a diluent, at a temperature between —20° C.
and +80° C., preferably between 0° C. and 30° C. In
order to bring the reaction to completion, the mixture is
then stirred for a further period at elevated temperature,
preferably between 30° and 60° C. Excess alcohol can
be used as the diluent, as can any of the solvents which
can also be used in process 6(a).

If 3,3-dimethyl-4-(4'-methoxy-phenacyl)-y-
butyrolactone and ethanol are used as starting sub-
stances in process 6(c), the course of the reaction can be
represented by the following equation:



4,325,873

C I. PCls
372, C,HsOH -

cm—o—@—

3 :

\/

CH3—0—©7CCl——CI—I—CHCI—C—CHZCOZCHQCH3 |

The general formula (VI) provides a deﬁnition of the
starting substances which can be used in process 6(c).
The preferred substituents R! and R? are the same as
those 1n the case of process variant 1(a). The com-
pounds of the formula (VI) are new; their preparatien is
described below.

Phosphorus pentachloride can be used as the chlori-
nating agent.

Process 6(c) is carried out by a procedure in whleh
the starting substance of the general formula (VI) is
initially introduced and is reacted with at least two
equivalents of the chlorinating agent. A slight excess is
favorable. | -

In contrast to the generally customary procedure
(Houben-Weyl, volume V, 3, page 912 et seq.) for the
reaction of ketones with phosphorus pentachloride, the
process 1s preferably carried out in the presence of a
diluent. Preferred diluents are the same as those men-
tioned for process 6(a).

Using a diluent and metering in the phosphorus pen-
tachloride, it is possible, surprisingly, to avoid the oth-
erwise customary side reactions, for example chlorina-
tion in the a-position relative to the carbonyl group or
addition of hydrogen chloride onto the chlorovinyl
group. |

The reaction temperature is between —20° C. and
+60° C., preferably between 0° C. and 35° C.

Subsequent esterification is effected by adding excess
alcohol R-OH dropwise, analogously to process 6(b).

The mixture is worked up by washing the organic
phase until neutral and separating it off, and distilling
off the solvent and the phosphoric acid ester. Purifica-
tion by distillation at this stage can usually be dispensed
with.

If 3,3-dimethyl-4-(methoxy-phenacyl)-y-butyrolac-
tone 1s used as the starting material in process 6(d), the

course of the reaction can be represented by the foliow-
mg equation:

CH3O—©—O-—-CH2

CH 1 Reducﬁen
— H,0

CH; 3 Chlorinating >

agent
C>Hs;—OH

I
O

| H;C CHj
N/
| CH;0 CH=CH~—CHC}—C—CH;—CO02C,Hj5

‘The general formula (VI) provides a definition of the
starting substances which can be used in process 6(d).
The preferred and particularly preferred substituents
R!and R? are the same as those in the case of process
variant 1(a). The compounds of the formula (VI) are
new; their preparation is described below.

In principle, any of the agents by which a ketone is
reduced to the alcohol without the lactone ring being
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10

attacked can be used as the reducing agent. Examples
which may be mentioned are: a complex borohydride,
such as sodium borohydride, or hydrogen in the pres-
ence of, for example, a nickel catalyst, palladium cata-
lyst or platinum catalyst, such as Raney nickel. Sodium
borohydride is preferred.

Process 6(d) is carried out by a procedure in which,
after the reducing step, which is carried out in a manner

0 which is in itself customary, the product is dehydrated,

that is to say water 1s split off.

An acid catalyst is preferably employed for the dehy-
dration. Examples which may be mentioned are: oxalic
acld, sulphuric acid, phosphoric acid, potassium bisul-
phate, p-toluenesulphonic acid, aluminum oxide and
silicates. In addition, it is possible to split off acetic acid
by heating after acetylation of the alcohol. The acetyla-
tion is carried out with acetyl chloride or acetic anhy-
dride. The third step of process 6(d) corresponds to
process 10 (see below).

If 6- (3'-methoxy-phenyl) 6—0xe 4-chloro-3,3-dime-
thylhexanoic acid ethyl ester is used as the stating sub-
stance in process 7, the course of the reaction can be
represented by the following equation:

H3C CH;

| N/
C—CH—CHCl—C—CH,—COC7H5

ll
-~ PCls

H3C

N\ /
CCL;—CH;—CHCI—C—CH—C0O,C;Hj5

OCHj;
CHj

OCHj3

The general formula (V) provides a definition of the
starting substances which can be used in process 7. The
preferred substituents Rl, R2 and R are the same as
those in the case of process variant 1(a). The com-
pounds of the formula (V) are new; their preparation is
described below.

It has been found that the compounds (IIl) are ob-
tained from the compounds of the formula (V) only
when the reaction is carried out in a diluent below 30°
C. |

Process 7 is carried out by a procedure in which the
starting substance of the general formula (V) is dis-
solved in a diluent. Preferred diluents are the same as
those mentioned for process 6(a), especially petroleum
ether, cyclohexane, toluene and chlorobenzene.

The reaction temperature is between —20° C. and
+30° C,, preferably between 0° and 25° C.

The mixture is worked up by adding ice-water, wash-
ing the organic phase until neutral and distilling off the
solvent.

The structure is proved by a nuclear magnetic reso-
nance spectrum.

If 3 3-d1methy1—4-(4’-methoxy-phenacyl) -y-
butyrolactone i1s used as the starting substance in pro-

cess 8, the course of the reduction can be represented by
the following equation:
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| CHj
CH3;—O co—CHz'——l CH; ——>
| _ O |
|
O - |

Hj

H-C | C
N/
CH3;—O CCly~CH,— CHC|— C—CH;CO—Cl

The general formula (VI) provides a definition of the
starting substances which can be used in process 8. The
preferred substituents are the same as in the case of
process 1{(a). The compounds of the formula (VI) are
new; their preparation is described below.

It has furthermore been found that the compounds
(IV) are obtained from the compounds (VI) only if the
reaction is carried out in a diluent below 30° C.

Process 8 is carried out by a procedure in which the

starting substance of the general formula (V]) is dis-

solved in a diluent. |
Preferred diluents are the same as those mentioned

for process 6(a), especially petroleum ether, cyclohex-
ane, toluene and chlorobenzene.
The reaction temperature is between —20° and 430"

C., preferably between 0° and 25° C.

The compounds of the formula (IV) can be isolated
by distilling off the solvent and phosphorus oxychloride
under gentle conditions, or they can be directly reacted
further according to process variant 1(¢) or process
6(b). |

If 3,3-dimethyl-4-(4 -methoxy-phenacyl)-y-
butyrolactone and ethanol are used as starting sub-
stances in process 10, the course of the reaction can be

represented by the following equation:

CH>
CH3;—0 CO—CH; CHj3 >
O
|
O
H3C CH;
N/
CH3;—O CO~CHy=CHCl—C~~CHy=—C0O»C3Hj5

The general formula (VI) provides a definition of the
starting substances which can be used in process 10. The
preferred substituents R!and R? are the same as those in
the case of process variant 1(a). The compounds of the
formula (VI) are new; their preparation is described
below.

The second starting substance for process 10 is an
alcohol of the formula R-OH, the preferred meaning of
R being the same as that in the case of process variant
1(a).

The following chlorinating agents can be used in
process 10: hydrogen chloride, thionyl chloride, phos-
gene or phosphorus trichloride, and hydrogen chloride
and thionyl chloride are preferred; if appropnate, di-
methylformamide is used as a catalyst.

Lactone ring openings of this type are known in prin-
ciple, but in no case do such lactones contain an addi-
tional carbonyl group. Conditions therefore had to be
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found to achieve a process in which only the desired
reaction proceeds and not, for example, (1) actd-cat-
alyzed self-condensations of the ketone (acetophenone,
for example, reacts with itself in this manner under
catalysis by hydrogen chloride) and (2) chlorination of
the carbonyl group or of the hydrogen atoms in the
a-position relative to the carbonyl group.

Process 10 is carried out by a procedure in which the
starting substance of the formula (V1) 1s dissolved 1n an
alcohol of the formula R-OH, if appropriate a diluent 1s
also added and the chlorinating agent is then passed in
or added dropwise. An exothermic reaction starts; in

order to avoid the above-mentioned side reactions, the
temperature should in no case exceed 80° C., but the
reaction is preferably carried out between 20° and 50°
c ._

Preferred diluents are, in particular, benzene, toluene,
benzine, petroleum ether, cyclohexane, chlorobenzene
or xylene.

In principle, it is also possible first to open the lactone
ring and then to add the alcohol. In this case, the start-
ing compound (V1), if appropriate in one of the diluents
mentioned, is heated to temperatures between 50° and
80° C. (higher temperatures are not appropriate), a chlo-
rinating agent being added, if appropriate under pres-
sure. The alcohol R-OH is then added dropwise or
pumped in.

The resultant compound of the formula (V) is isolated
by distilling off the solvent under gentle conditions.
Further purification 1s difficult, but also unnecessary.
The crude compounds of the formula (V) can be used
directly for process 7.

If 3,3-dimethyl-pent-4-enoic acid methyl ester and
p-methoxy-benzoyl chloride are used as starting sub-
stances in process 12, the course of the reaction can be
represented by the following equation:

L

3(3'\ ' /CHB CH3O—®— Cco—Cl

CH,=CH—C—CH,C0,CH; —oroo— m——————
" H3C CH3
| O O
- N
O

The generél formulae (VII) and (VIII) provide defi-
nitions of the starting substances which can be used in
process 12. The preferred substituents R1, R?and R are

the same as those in the case of process 1(a). The com-

.pounds of the formula (VII} (DT-OS (German Pub-

lished Specification) 2,539,895) and (VIII) are known.

Examples of compounds of the formula (VIII) are:
4-methoxybenzoyl chloride, 4-trifluorometnoxy-benz-
oyl chloride, 3-trifluoromethylmercapto-benzoy!l chlo-
ride, 3-trifluoromethoxy-4-chlorobenzoyl chloride, 3,4-
methylenedioxy-benzoyl chloride, 3,4-dimethoxybenz-
oyl chloride, 4-trifluoromethylmercapto-benzoyl chlo-
ride, 4-ethoxybenzoyl chloride and 3,4-trifluoroethy-
lenedioxy-benzoyl chloride.

Possible catalysts are Friedel-Crafts catalysts. The
particularly preferred catalyst is tin tetrachloride, or, if
appropriate, mixtures containing aluminum chloride,
titanium tetrachloride, zinc chloride or iron{(lii) chlo-
ride. If aluminum chloride is used by itself, the com-
pounds formed are not those of the formula (VI) but



i3
those of the formula (V). The Friedel-Crafts catalyst 1s
employed in an equimolar amount or in an amount
which is less than or more than the equimolar amount.
Process 12 can be carried out with or without a diluent.
If a diluent is used, possible diluents are methylene
chloride, chloroform, dichloroethane, tetrachloroeth—
ane, nitromethane or nitrobenzene.
The process according to the invention is.carried out

by a procedure in which the Friedel-Crafts catalyst, if

appropriate in a diluent, 1s initially introduced and the

5

10

acid halide of the general formula (VIID) is added, while

cooling. An ester of the general formula (VII) 1s then

added dropwise at temperatures between —25° C. and

+50° C., preferably at temperatures between 0° C.and
25° C.

However, it is also possible to initially introduce an

acid halide of the formula (VIII), together with an ester
of the formula (VIY), if appropriate in the presence of a
diluent, and then to meter in the Friedel-Crafts catalyst

To accelerate the reaction, when mixing of the reac-
tants has ended, the reaction can be carried out at ele-
vated temperature, for example at 25° to 150° C,, prefer—
ably at 30° to 100° C. The end of the reaction can be
recognized by the end of the evolution of gas. After
rendering the mixture acid, it is worked up in the cus-
tomary manner by extraction. The crude product of the
general formula (V1) can be purified by recrystalliza-
tion.

The course of the reaction 1s extremely surprising,

since lactone formation under conditions which are so
miid was hitherto unknown.

If anisole and 3,3- drmethyl-4-ehloroearbenylmethyl-

v-butyrolactone are used as starting substances in pro--

cess 13 for the preparation of the compounds of the

formula (VI), the course of the reaction can be repre-.

sented by the following equation:

HyC—0O +
CH; R |
CI--ﬁ-—-(:Hg CH; C_atﬂgf
O O
|
O
HiC—0O

The formula (X) and (XI) provide definitions of the

starting substances which can be used in process 13. The

compound (XI) is new; 1ts preparatlon is descrlbed be-
low. |

The compounds of the formula (X) are known, and
examples which may be mentioned are: ethoxybenzene,
methylmercaptobenzene, le
pyrocatechol dimethyl ether. Possible catalysts are in
principle any of the customary Friedel-Crafts catalysts

tetrachloride, hydrogen fluoride, boron trifluoride,

iron(III) chloride, zinc chloride, polyphOSphorle acids,

anisole, benzodioxole and
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perfluoroalkanesulphonic acids (optionally in poly-
meric form) and optionally mixtures thereof.

The process is preferably carried out in the presence
of a diluent. Possible diluents are: methylene chioride,
chloroform, dichloroethane, tetrachloroethane, nittro-
benzene and nitromethane. Methylene chloride 1s pre-
ferred.

The reaction 1s extremely surprising, since tt had to be
expected that the lactone ring would also react, in the
following manner:

Rl

CH3 ,
R+ . E
CH?’ - Friedel-Crafts
catalysts

| (ISH:;
CH;—C—CH;—COOH

l
CH>

and 1n addition cyclization to give the tetralone was to
be expected. Ring .openings of 5-membered lactone
rings using aromatics by a Friedel-Crafts reaction in the
manner formulated above are known and take place
under very mild conditions (Houben Weyl; volume VI,
2, page 812 et seq.). |

That such a reaction of the lactone with the aromatics
of the formula (X) does not take place is also surprising,
especially since the Friedel-Crafts catalyst must be em-
ployed in at least an equrmolar amount, and even better
In excess. | | |

Process 13 1s preferably carried out as follows:

The acid chloride (XI)-is initially introduced in a
diluent, and the Friedel-Crafts catalyst is added at a
temperature between —10° and +5° C. The aromatic

- compound 1s then added dropwise, if appropriate like-

wise dissolved in a diluent. If very active Friedel-Crafts
catalysts (for example aluminum chloride or tin tetra-
chloride) are used, this procedure is carried out at —10°
to +5° C., and in the case of less active Friedel-Crafts
catalysts (for example zinc chloride, iron chloride, tita-

~ nium tetrachloride or perfluoroalkanesulphonic acids),

the aromatic compounds are added dropwise at room
temperature The mixture is then subsequently stirred at
room temperature; in the case of less active catalysts the

reaction must be carried out at elevated temperature if

necessary.

It .aromatics which are slow to react, for example
chlorobenzene, are used, it is advisable not to accelerate
the reaction by i mereasmg the temperature but to extend
the reaction times in order to prevent undesired lactone
ring opening in. the above-mentioned sense.

The mixture is worked up in the customary manner;
the lactones can be purified by recrystallization.



4,325,873

15
Process 14 can be represented by the following equa-
tion:

CH3; 10

CH3
HO,C—CH> CH3 —>
O
[
O
Cl=—CO—CH> CH;3

The acid of the formula (XII) used as the starting
substance is known (J. Org. Chem., volume 38, page
4148 and J. Chem. Soc. 79, 763), but the acid chloride of

the formula (XI) is not. It appears surprising that the 20 prumata,

acid is converted smoothly into the acid chloride, since
under these conditions ring opening of the lactone usu-
ally also takes place.

Process 14 is carried out under the conditions which
are customary for preparing an acid chloride from an
acid. Preferred chlorinating agents are thionyl chloride
and phosgene. However, care must be taken that reac-
tion times which are as short as possible are applied, in
order to avoid a side reaction in the above-mentioned
sense. The mixture is worked up in the customary man-
ner. The acid chloride can be purified by distillation or
can be employed in the crude form in process 13.

The styrylcyclopropanecarboxylic acid esters of the
formula (I) which contain a radical of an alcohol cus-
tomary in pyrethroids are well tolerated by plants, have
a favorable level of toxicity to warm-blooded animals,
and can be used for combating arthropod pests, espe-
cially insects and acarids, which are encountered in
agriculture, in forestry, in the protection of stored prod-
ucts and of materials, and in the hygiene field. They are
active against normally sensitive and resistant species
and against all or some stages of development. The
abovementioned pests include:

from the class of the Isopoda, for example Oniscus
asellus, Armadillidium vulgare and Porcellio scaber;

from the class of the Diplopoda, for example Blani-
ulus guttulatus;

from the class of the Chilopoda, for example Geo-
philus carpophagus and Scutigera spec.;

from the class of the Symphyla, for example Scutige-
rella immaculata;

from the order of the Thysanura, for example
Lepisma saccharina;

from the order of the Collembola, for example Ony-
chiurus armatus;

from the order of the Orthoptera, for example Blatia
orientalis, Periplaneta americana, Leucophaea maderae,
Blattella germanica, Acheta domesticus, Gryllotalpa spp.,
Locusta migratoria migratorioides, Melanoplus differen-
tialis and Schistocerca gregaria;

from the order of the Dermaptera, for example For-
ficula auricularia; |

from the order of the Isoptera, for example Reticuli-
termes spp.; |

from the order of the Anoplura, for example Phyllox-
era vastatrix, Pemphigus spp., Pediculus humanus corpo-
ris, Haematopinus spp. and Linognathus spp.;
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from the order of the Mallophaga, for example Trich
odectes spp. and Damalinea spp.;

from the order of the Thysanoptera, for example
Hercinothrips femoralis and Thrips tabaci;

from the order of the Heteroptera, for example Eury-
gaster spp., Dysdercus intermedius, Piesma quadrata,
Cimex lectularius, Rhodnius prolixus and Triatoma spp.;

from the order of the Homoptera, for example Aleu-
rodes brassicae, Bemisia tabaci, Trialeurodes vaporari-
orum, Aphis gossypii, Brevicoryne brassicae, Cryptomyzus
ribis, Doralis fabae, Doralis pomi, Eriosoma -lanigerum,
Hyalopterus arundinis, Macrosiphum avenae, Myzus spp.,
Phorodon humuli, Rhopalosiphum padi, Empoasca spp.,
Euscelis bilobatus, Nephotettix cincticeps, Lecanium
corni, Saissetia oleae, Laodelphax striatellus, Nilaparvata
lugens, Aonidiella aurantii, Aspidiotus hederae, Pseudo-
coccus spp. and Psylla spp.;

from the order of the Lepidoptera, for example Pec-
tinophora gossypiella, Bupalus piniarius, Cheimatobia
Lithocolletis  blancardella, Hyponomeuta
padella, Plutella maculipennis, Malacosoma neustria,
Euproctis chrysorrhoea, Lymantria spp., Bucculatrix
thurberiella, Phyllocnistis citrella, Agrotis spp., Euxoa
spp., Feltia spp., Earias insulana, Heliothis spp., La-
phygma exigua, Mamestra brassicae, Panolis flammea,
Prodenia litura, Spodoptera spp., Trichoplusia ni, Car-
pocapsa pomonella, Pieris spp., Chilo spp., Pyrausta nubi-
lalis, Ephestia kuehniella, Galleria mellonella, Cacoecia
podana, Capua reticulana, Choristoneura fumiferana,
Clysia ambiguella, Homona magnanima and Tortrix
viridana;

from the order of the Coleoptera, for example
Anobium punctatum, Rhizopertha dominica, Bruchidius
obtectus, Acanthoscelides obtectus, Hylotrupes bajulus,
Agelastica alni, Leptinotarsa decemlineata, Phaedon co-
chleariae, Diabrotica spp., Psylliodes chrysocephala, Epi-
lachna varivestis, Atomaria spp., Oryzaephilus surina-
mensis, Anthonomus spp., Sitophilus spp., Otiorrhynchus
sulcatus, Cosmopolites sordidus, Ceuthorrhynchus assimi-
lis, Hypera postica, Dermestes spp., Trogoderma spp.,
Anthrenus spp., Attagenus spp., Lyctus spp., Meligethes
aeneus, Ptinus spp., Niptus hololeucus, Gibbium psyli-
oides, Tribolium spp., Tenebrio molitor, Agriotes spp.,
Conoderus spp., Melolontha melolontha, Amphimalion
solstitialis and Costelytra zealandica;

from the order of the Hymenoptera, for example
Diprion spp., Hoplocampa spp., Lasius spp.,
Monomorium pharaonis and Vespa spp.;

from the order of the Diptera, for example Aedes
spp., Anopheles spp., Culex spp., Drosophila melanogas-
ter, Musca spp., Fannia spp., Calliphora erythrocephala,
Lucilia spp., Chrysomyia spp., Cuterebra spp., Gas-

- trophilus spp., Hyppobosca spp., Stomoxys spp., Oes-
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trus spp., Hypoderma spp., Tabanus spp., Tannia spp.,
Bibio hortulanus, Oscinella frit, Phorbia spp., Pegomyia
hyoscyami, Ceratitis capitata, Dacus oleae and Tipula

paludosa; |
from the order of the Siphonaptera, for example Xen-

opsylla cheopis and Ceratophyllus spp.;

from the class of the Arachnida, for example Scorpio
maurus and Latrodectus mactans, -

from the order of the Acarina, for example Acarus
siro, Argas spp., Ornithodoros spp., Dermanyssus galli-
nae, Eriophyes ribis, Phyllocoptruta oleivora, Boophilus
spp., Rhipicephalus spp., Amblyomma spp., Hyalomma
spp., Ixodes spp., Psoroptes spp., Chorioptes spp., Sar-
coptes spp., Tarsonemus spp., Bryobia praetiosa,
Panonychus spp. and Tetranychus spp..
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The active compounds can be converted into the
customary formulations, such as solutions, emulsions,
suspensions, powders, dusting agents, foams, pastes,
soluble powders, granules, aerosols, suspension-emul-
sion concentrates, seed-treatment powders, natural and
synthetic materials impregnated with active compound,
very fine capsules in polymeric substances, coating
compositions for use on seed, and formulations used
with burning equipment, such as fumigating cartridges,
fumigating cans and fumigating coils, as well as ULV
cold mist and warm mist formulations.

These formulations may be produced in known man-
ner, for example by mixing the active compounds with
extenders, that i1s to say liquid or liquefied gaseous or

10

solid diluents or carriers, optlonally with the use of 12

surface-active agents, that is to say emulsifying agents
and/or dispersing agents and/or foam-forming agents.
In the case of the use of water as an extender, organic
solvents can, for example, also be used as auxiliary sol-
vents.

As liquid diluents or carriers, especially solvents,
there are suitable in the main, aromatic hydrocarbons,
such as xylene, toluene or alkyl naphthalenes, chlori-
nated aromatic or chlorinated aliphatic hydrocarbons,
such as chlorobenzenes, chloroethylenes or methylene
chloride, aliphatic or alicyclic hydrocarbons, such as
cyclohexane or paraffins, for example mineral oil frac-
tions, alcohols, such as butanol or glycol as well as their
ethers and esters, ketones, such as acetone, methyl ethyl
ketone, methyl isobutyl ketone or cyclohexanone, or

strongly polar solvents, such as dimethylformamide and

dimethylsulphoxide, as well as water.

By liquefied gaseous diluents or carriers are meant
liquids which would be gaseous at normal temperature
and under normal pressure, for example aerosol propel-
lants, such as halogenated hydrocarbons as well as bu-
tane, propane, nitrogen and carbon dioxide.

As solid carriers there may be used ground natural
minerals, such as kaolins, clays, talc, chalk, quartz, atta-
pulgite, montmorillonite or diatomaceous earth, and
ground synthetic minerals, such as highly-dispersed
silicic acid, alumina and silicates. As solid carriers for
granules there may be used crushed and fractionated
natural rocks such as calcite, marble, pumice, sepiolite
and dolomite, as well as synthetic granules of inorganic
and organic meals, and granules of organic material

such as sawdust, coconut shells, corn cobs and tobacco

stalks.

- As emulsifying and/or foam-forming agents there
may be used non-ionic and anionic emulsifiers, such as
polyoxyethylene-fatty acid esters, polyoxyethylene-
fatty alcohol ethers, for example alkylaryl polyglycol
ethers, alkylsulphonates, alkyl sulphates, aryl sulpho-
nates as well as albumin hydrolysis products. Dispersing
agents include, for example, lignin sulphite waste li-
quors and methylcellulose.

Adhesives such as carboxymethylcellulose and natu-
ral and synthetic polymers in the form of powders,
granules or latices, such as gum arabic, polywnyl alco-
‘hol and polyvinyl acetate, can be used in the formula-
tions.

It 1s possible to use colorants such as inorganic pig-
ments, for example iron oxide, titanium oxide and Prus-
stan Blue, and organic dyestuffs, such as alizarin dye-
stuffs, azo dyestuffs or metal phthalocyanine dyestuffs,
and trace nutrients, such as salts of iron, manganese,
boron, copper, cobalt, molybdenum and zinc.
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The formulations in general contain from 0.1 to 95
percent by weight of active compound, preferably from
0.5 to 90 percent by weight.

The active compounds according to the invention
may be used in the form of their formulations of the
types that are commercially available or in the use
forms prepared from these formulations.

The active compound content of the use forms pre-
pared from the formulations of the types that are com-
mercially available can vary within wide ranges. The
active compound concentration of the use forms can be
from 0.0000001 to 100% by weight of active compound,
preferably from 0.0001 to 10% by weight.

The compounds may be employed in a customary
manner appropriate for the particular use forms.

When used against pests harmful to health and pests
of stored products, the active compounds are distin-
guished by an excellent residual activity on wood and

clay as well as a good stability to alkali on limed sub-
strates.

The present invention also provides an arthropodi-
cidal composition containing as active ingredient a
compound of the present invention in admixture with a
solid or liquefied gaseous diluent or carrier or in admix-
ture with a liquid diluent or carrier containing a surface-
active agent. |

The present invention also provides a method of
combating arthropods (especially insects or acarids)
which comprises applying to the arthropods, or to a
habitat thereof, a compound of the present invention

‘alone or in the form of a composition containing as

active ingredient a compound of the present invention
in admixture with a diluent or carrier.

The present invention further provides crops pro-
tected from damage by arthropods by being grown in
areas in which immediately prior to and/or during the
time of the growing a compound of the present inven-
tion was applled alone or in admixture with a diluent or
carrier.

It will be seen that the usual methods of providing a
harvested crop may be improved by the present inven-
tion.

The invention 1s further described in the following
illustrative examples:

EXAMPLE 1

(process variant 1(a))

A solution of sodium ethylate (prepared from 2.5 g of
sodium and 100 ml of ethanol) was added dropwise to a
solution of 34.5 g (0.1 mol) of 6-(4'-methoxy-phenyl)-
4,6-dichloro-3,3-dimethyl-hex-5-enoic acid ethyl ester
in 100 ml of ethanol at room temperature. The mixture

- was subsequently stirred for 4 hours, diluted with ice-
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water and rendered neutral. After extraction with meth-
ylene chloride, the organic phase was dried and concen-
trated on a rotary evaporator. Distillation under a high
vacuum gave 26.5 g of a pale yellowish oil of boiling
point 162°-168° C./0.08 mbar. It contained all the 4
possible stereoisomers of 2,2-dimethyl-3-[2'-chioro-2'-
(4”-methoxy-phenyl)}-vinyl-cyclopropane-1-carboxylic
acid ethyl ester. The vinyl proton of the main isomers

showed (in CDCl3) a doublet at §=5.7 and 5.85 ppm.
Mass spectrum: m/e=308. |
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EXAMPLE 2

(process variant 1(b))

A solution of 38.2 g of 6-(4’-methoxy-phenyl)-4,6,6-
trichloro-3,3-dimethyl-hexanoic acid ethyl ester (crude;
from Example 8) in 100 ml of ethanol was added drop-
wise to a solution of 4.75 g of sodium in 250 ml of etha-
nol at room temperature. The mixture was subsequently
stirred at room temperature for 2 hours and then heated
to 50° C. for a further 1 hour. Ice-water was then added

and the mixture was neutralized with 10% strength

hydrochloric acid. After extraction twice with methy-
lene chloride, the organic phases were dried and con-

centrated on a rotary evaporator and the residue was

distilled under a high vacuum. 25 g of 2,2-dimethyl-3-
[2'-chloro-2'-(4"-methoxy-phenyl)]-vinyl-cyclopro-
pane-1-carboxylic acid ethyl ester of boiling point
155°-163° C./0.05 mbar were obtained..

EXAMPLE 3

(process variant 1(c)) |

A solution of 40 g of sodium in 700 ml of ethanol was
added to a solution of 35 g of 6-(4-methoxy-phenyl)-
4.6,6-trichloro-3,3-dimethyl-hexanoic acid chloride
(crude, still containing POCl3; from Example 9) in 500
ml of toluene, while cooling with ice. The mixture was
stirred at room temperature for 8 hours and then heated
to 50° C. for a further 1 hour, ice-water was added, the
mixture was neutralized with 109% strength hydrochlo-
ric acid, the toluene phase was separated off and the
aqueous phase was washed with methylene chloride.
The combined organic phases were dried and the sol-
vents and the phosphoric acid triethyl ester formed
were. distilled off. The residue was purified by distilla-

10

15

20

25

30

35

tion under a high vacuum. 18.6 g of 2,2-dimethyl-3-[2’- -

chloro-2'-(4"-methoxy-phenyl)}-vinylcyclopropane-1-
carboxylic acid ethyl ester were obtained.

EXAMPLE 4
 (process variant 1(c))

2,2-Dimethyl-3-{2'-chloro-2’-(4"'-methylmercapto-
phenyl)]-vinylcyclopropane-1-carboxylic acid ethyl
ester was obtained from 6-(4”-methylmercaptophenyl)-
4,6,6-trichloro-3,3-dimethyl-hexanoic acid chloride and
sodium ethylate analogously to Example 3.

EXAMPLE 5

(process 6(::1))

A solution of 6-(4'-methoxy-phenyl)-4,6,6-trichloro-
3,3-dimethyl-hexanoic acid methyl ester 1in toluene was
‘warmed to about 40° C. for 1 hour. After distilling off
the toluene i1n vacuo, 6-(4’-methoxy-phenyl)-4,6-
dichloro-3,3-dimethyl-hex-5-enoic acid methyl ester
remained. The structure was proved by the NMR spec-
trum.

EXAMPLE 6
(process 6(b)) -

20 times the equimolar amount of dry methanol was
added to a solution of 6-(4’-methoxy-phenyl)-4,6,6-tri-
chloro-3,3-dimethyl-hexanecarboxylic acid chloride
(crude still contained POCI3; from Example 9) in tolu-
ene at 20° C. and the mixture was then warmed to 40° C.

for a further 1 hour. After subsequently stirring the.

mixture for 4 hours (without heating) the solvents and
the phosphoric acid ester were removed i1n vacuo. The
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residue wa_s_,‘,‘identical to the product obtained in Exam-

EXAMPLE 7
| (process variant (6(c))

46 g of phosphorus pentachloride were added to a
solution of 26.2 g of 3,3-dimethyl-4-(4'-methoxy-
phenacyl)-y-butyrolactone in 400 ml of toluene and the
mixture was stirred at room temperature until all the
PCls had dissolved. 120 ml of ethanol were then added
dropwise at 20° C. and thereafter the mixture was
warmed to 45° C. for 1 hour and subsequently stirred
further until it reached room temperature again. It was
then poured into a large amount of ice-water ‘and ren-
dered neutral. The toluene phase was separated off,
dried and concentrated in a rotary evaporator. After
distilling off the solvent and the phosphoric acid tri-
ethyl ester, 25 g of a dark oil which consisted mainly of
6-(4'-methoxy-phenyl)-4,6-dichloro-3,3-dimethyl-hex-5-
enoic acid ethyl ester and which could be further pro-
cessed according to process variant 1(a) (Example 1)
remained. |

EXAMPLE 8

(process 7)

7.9 g of 6-(4'-methoxy-phenyl)-6-ox0-4-chloro-3,3-
dimethyl-hexanoic acid ethyl ester were dissolved in 50
ml of toluene, and 6 g of phosphorus pentachloride
were added at room temperature. The mixture was
subsequently stirred at room temperature for 9 hours,
poured:into 100 ml of ice-water and rendered neutral
and the toluene phase was separated off. After drying
the toluene phase and distilling off the toluene at room
temperature, 68 g of an oil which, according to the
NMR spectrum, consisted of 6-(4’-methoxy-phenyl)-
4,6,6-trichloro-3,3-dimethyl-hexanoic acid ethyl ester
remained. The oil could be reacted further according to
process variant 1(b). |

EXAMPLE 9
(process 8)

26.2 g of 3,3-dimethyl-4-(4’-methoxy-phenacy!)-vy-
butyrolactone were dissolved in 500 g of toluene, and 46
g of phosphorus pentachloride were added. The mix-
ture was subsequently stirred at room temperature for
18 hours and phosphorus oxychloride and toluene were
then distilled off at room temperature in vacuo. 37 g of
a brown oil which was identified as 6-(4-methoxy-

- phenyl)-4,6,6-trichloro-3,3-dimethyl-hexanecarboxylic

acid chloride by IR and NMR remained.

EXAMPLE 10
(process 11)

78.6 g of 3,3-dimethyl-4-(4’-methoxy-phenacyl)-y-
butyr(jlactone were dissolved in 500 ml of ethanol, and
dry hydrogen chloride was passed in until the tempera-
ture had reached 50° C. A slow stream of hydrogen
chloride was then passed through the solution at 50° C,,
initially while cooling, for 3 hours, and then continued
to be passed in until the mixture reached room tempera-
ture again. Distilling off the ethanol in vacuo gave 98 g
of 6-(4'-methoxy-phenyl)-6-0xo0-4-chloro-3,3-dimethy!-
hexanoic acid ethyl ester. |
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EXAMPLE 11

(process 11)

131 g of 3,3-dimethyl-4- (4'-meth0xy-phenaeyl) -y -
butyrolactone were dissolved in 215 g of thionyl chlo-
ride in a 0.7 liter autoclave with a glass liner. 100 g of
ethanol were then pumped in and the mixture was kept
at 50° C. for 4 hours. After cooling and letting down,
excess thionyl chloride and sulphureus aCId ethyl ester 10
were distilled off. The residue essentially consisted of
6-(4'-methoxy-phenyl)-6-oxo- 4-chloro-3 3-d1methyl--
hexanoic acid ethyl ester. -

EXAMPLE 12
(process 11)

15

131 g of 3,3-dimethyl- 4—-(4'-methoxy-phenaey1)-y-
butryolactone were dissolved in 215 g of thionyl chlo-
ride in a 0.7 liter autoclave with a glass liner. 100 g of ,,
methanol were then pumped in and the mixture was
heated to 50° C. for 4 hours. After working up as in
Example 10, 6-(4'-methoxy-phenyl)-6-0x0-4-chloro-3,3-
dimethyl-hexanoic acid methyl ester was obtained.

EXAMPLE 13 +
. (process 12)
1 g (0.5 mol) of 3,3-dimethyl-4-penteh0ie acid
methyl ester were prepared dropwise to a mixture of 10

85.5 g (0.5 mol) of p-methoxybenzoyl chloride and
130.3 g (0.5 mol) of tin tetrachloride at 20° C., while
cooling with ice. After standing overnight, the reaction
mixture had solidified. It was taken up in methylene
chloride, the methylene chloride mixture was filtered
and the filtrate was extracted by shaking with dilute
hydrochloric acid. After drying and stripping off the
solvent in vacuo, a crude product which crystallized
completely was obtained. Recrystallization from etha-
nol gave . 3,3-dimethyl-4-(4"-methoxy-phenacyl)-y-
butryelaetone of melting point 132°~134° C.

EXAMPLE 14
(process 12)

35

40

26 g (0.1 mol) of tin tetrachloride were added drop- 3

wise to a solution of 17.1 g (0.1 mol) of p-methoxybenz-
oyl chloride and 14.2 g (0.1 mol) of 3,3-dimethyl-4-pen-
tenoic acid methyl ester in 100 m! of methylene chloride
at 0° and the mixture was then heated under reflux for 8
hours, until the evolution of gas had ended. After work-
ing up with dilute hydrochloric acid, 23.9 g (91%) of
3,3-dimethyl-4-(4'-methoxyphenacyl)-y-butyrolactone
of melting point 132°-134° C. (from ethanol) were ob-
tained.

S0

EXAMPLE 15
(process 14)

17.2 g of 3,3-dimethyl-4-carboxymethyl-y-butyrolac-
‘tone were mixed with 60 ml of thionyl chloride and the
mixture was heated to 80° C. for 1 hour. Excess thionyl
chloride was then distilled off under normal pressure,
the last residues under a waterpump vacuum. The resi-
due consisted of 3,3-dimethyl-4- chlerocarbenylmethyl—
y-butyrolactone and could be used directly for process
13. However, it could also be further purified by distil-
lation: boiling point: 130°-140° C./0.3 mbar.
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EXAMPLE 16
(process 13)

80 g of alummum ehlorlde were 1mtlally mtreduced
into. 300 ml of methylene chloride, and 59 g of 3,3-

,-dlmethyl 4—ehlereearb0nylmethyl-y-butyrelaetene dis-

solved in 150 ml of methylene chloride, were added

dropwise at 0°-5" C. 32.4 g of anisole, dissolved in 50 ml

of methylene chloride, were then added dropwise, like-
wise at 0°-5° C. The mixture was then allowed to come
to room temperature and was subsequently stirred at
room temperature for a further 7 hours. After pouring
the batch into ice-water, the organic phase was sepa-
rated off and washed until neutral. After drying the
organic phase and distilling off the solvent, crude 3,3-
dlmethyl 4-(4'-methoxy-phenacyl)- y—butyrolaetene

which was recrystallized from ethanel was obtained.
Melting point: 132°-134° C

EXAMPLE 17

CHr 0 C-—CH co-—o——CH,_Q.

H;C CHj

4.4 g (0.02 mol) of 3-phenexy-4-ﬂuero—benzyl alcohol
and 7.1 g (0.02 mol) of 2,2-dimethyl-3-(2-chloro-2-(4-
acid
chloride were dissolved in 100 ml of anhydrous toluene,
and 2.5 g of pyridine, dissolved in 50 ml of anhydrous

“toluene, were added dropwise at 20°-25° C., while stir-

ring. The mixture was then stirred at 25°-35° C. for a
further 3 hours. The reaction mixture was poured into
150 ml of water, to which 10 ml of concentrated hydro-
chloric acid were added, and the organic phase was
separated off and washed again with 100 ml of water.
The toluene phase was then dried over sodium sulphate
and the solvent was distilled under a waterpump vac-
uum. Last residues of solvent were removed by brief
incipient distillation at a bath temperature of 60° C./1
mm Hg. 8.1 g (84.5% of theory) of 2,2-dimethyl-3-(2-
chloro-2-(4-methoxyphenyl)-vinyl)-cyclopropanecar-
boxylic acid (4-fluoro-3-phenoxy-benzyl)-ester were
obtained.

The following compound was obtained analogously:

(13)

Cl CN

CH;:.O—@- (|3=CH COO(]:H—Q-F
\\ / 0—< >

CHj CHj3
The pesticidal activity of the compounds of this in-
vention is illustrated by the following example:

EXAMPLE 18

Phaedon larvae test

Solvent: 3 parts by weight of acetone

Emulsifier: 1 part by weight of alkylaryl polyglycol
cther

To produce a suitable preparation of active com-
pound, 1 part by weight of the active compound was
mixed with the stated amount of solvent containing the
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stated amount of emulsifier and the concentrate was
diluted with water to the desired concentration.
Cabbage leaves (Brassica oleracea) were treated by
being dipped into the preparation of the active com-
pound and were infested with mustard beetle larvae
(Phaedon cochleariae), as long as the leaves were still

wet. |
After the specified periods of time, the degree of

destruction was determined in %: 100% meant that all
of the beetle larvea had been killed whereas 0% meant
that none of the beetle larvae had been killed. |

In this test, for example, the compound of Example
17 showed high activity. _

It will be appreciated that the instant specification
and examples are set forth by way of illustration and not
limitation, and that various modifications and changes
may be made without departing from the spirit and
scope of the present invention.

We claim:
1. A compound selected from the group consisting of

R] H3C CHj
N/
C=CH—-—CHCI-—C-—CH;CO;R
R? ]:'|{3
R! H3C CHj
N /-
CCly—CHy—CHCl—C—CH;—COzR
R2
~ and
R! H3C CH3
N/ |
CCly~~CH,—CHCl—C—CH;—C0O—C_l
R2
in which

R i1s Cy_4-alkyl or,
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R4 O

HO—CH

RS RS

"Riis hydrbgen; cyano or ethynyl,
- R5 and R® each independently is hydrogen or fluo-

rine,
R! is alkoxy or alkylthio, either of which may be

optionally substituted by halogen,
R? is hydrogen or alkoxy, or
Rland R?together are optionally halogen-substituted
" alkylenedioxy, and
R3 is hydrogen or chlorine.
2. A compound according to claim 1, in which said
compound 1s |

R! HiC CHj
\ /
C=CH-CHCl—C—CH;CO5R

R? 1'13

3. A compound according to claim 1, in which said
compound 1s '

R} H1C CH;
N /
CClp—CHy—CHCI—C—CH»—CO3R

g
4. A compound according to claim 1, in which said
compound is

R! ' | H;C CHj3
\ /’
CClz—'CHz—CHCl—C— CHZ—CO'—CI
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